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Chapter 1
Introduction
Demeter (Detection of Electro-Magnetic Emissions Transmitted from Earth-
quake Regions) is a small Earth satellite studying the disturbances induced in
the Earth ionosphere by seismic and volcanic activity. It is on a quasi Sun
synchronous circular orbit with an inclination of 98.23o.[dem05]
One of the instruments on board Demeter is ISL (Instrument Sonde Lang-
muir), which is a double Langmuir probe shown in ﬁgure 1.1. The ﬁrst probe,
ISL-1, is a straight rod of diameter 3 mm and of length 5 cm. The other
probe, ISL-2, is segmented and ball shaped. The diameter of the ISL-2 is 4
cm and the six surface sectors each are 1 cm wide. The rest of the sphere
makes the seventh segment of ISL-2, this last segment is called the guard. The
numbering and the relative positioning of the ISL segments is shown in ﬁgure
1.2.
The scope of this document is not to dwell very deep into the theory of
plasmas, reader is rather advised to consult ample amounts of literature on the
subject, for example [L.83a, L.83b]. The theory and methods of the Langmuir
probe analysis is also more thoroughly explained in literature [Stv04, AF73,
MS05]. In this document only concepts and methods directly used in our
application are discussed in the depth required from the reader to understand
the functioning of the program discussed in this document.
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Figure 1.1: Demeter ISL Langmuir double probe.
Figure 1.2: Demeter ISL segment numbering and positioning shown. Where ever
the ion ﬂow is directed, there is always some segment of ISL-2 facing
it.
Chapter 2
Langmuir Sweep Analysis
Method
2.1 Idea
Langmuir probes are deceitfully simple electronic probes inserted into plasma.
When their electronic potential is varied, the amount of current collected from
the surrounding plasma also changes. From the resulting data, a great deal of
information about the plasma can be extracted, such as the electron temper-
ature and density, ﬂoating potential, and ion densities. This information can
be incorporated into models to derive a more complete picture of the plasma
environment.
In ﬁgure 2.1 a theoretical Langmuir probe voltage - logarithm of the current
curve is shown. In negative voltages probe current is deﬁned by the surround-
ing plasma density whereas in positive voltages mainly electrons are attracted
onto the probe. In the transition region both electron and ions reach the probe
and the resulting characteristical curve for a cylindrical probe is as shown in
the ﬁgure 2.1. The automated analysis of a Langmuir sweep consists in locat-
ing these diﬀerent characteristical regions. Several plasma parameters are then
deduced by comparing these regions with simpliﬁed theoretical expressions of
them.
At ﬂoating potential V f the probe draws no current what so ever. This is
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Figure 2.1: Theoretical IV-curve of a Langmuir probe showing the ion saturation,
transition and electron saturation regions. Shown in the ﬁgure are also
the ﬂoating potential (V f) and the plasma potential (V p). This ﬁgure
taken from [Stv04]
the ﬁrst and easiest thing extracted from a smooth Langmuir sweep as shown
in ﬁgure 2.2. This is not always the case which is one of the reasons for
smoothing the iv-curve with splines prior to retrievals (see sec.4). Floating
potential is used in the proceeding analysis, mainly as a parameter in deﬁning
the boundary values for ion saturation and transition regions.
When the probe voltage reaches low enough voltages no electrons con-
tribute to the probe current and we are on an ion saturation region (ISR).
In this region the derivative of the current is close to zero and this criteria is
used to identify ISR, see ﬁgure 2.3. We also use some boundary conditions for
this purpose, like requiring the higher limit of ISR to be below the ﬂoating
potential. If however for some reason a reasonable ﬂoating potential cannot
be found, the analysis wont be hindered by it.
In the transition region both ions and electrons are reaching the probe. A
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Figure 2.2: A typical smooth DEMETER ISL Langmuir probe sweep is here used
to demonstrate the concept of the ﬂoating potential. Floating poten-
tial is the voltage where the probe draws no current whatsoever.
Figure 2.3: Ion saturation region is found by looking for a ﬂat, close to zero, area
of the current derivate. Figure taken from [Stv04]
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Figure 2.4: Transition region is found by identifying the ﬂat region in the derivate
of the current. Figure taken from [Stv04]
logarithm of the current can here be approximated with a straight line. This
is the region of the steepest change for the current so a peak of the current
derivate is located. As seen on the picture 2.4 electron saturation region (ESR)
is also found by inspecting the derivate of the logarithm of the smoothed probe
current as well as by requiring some other conditions to hold. These conditions
might for example include that ESR cannot reach below V f or that there must
be at least ten sweep points belonging to the ESR.
2.2 Application
A nice and smooth ISL-1 sweep, ﬁg. 2.5, is in this chapter analyzed step by
step in order to demonstrate the ideas of the previous section on real Demeter
data. All of the ﬁgures introduced in this section are at least partly products
of the program described in this document. The values of the electron and
ion densities (Ne and Ni), electron temperature (Te) as well as the ﬂoating
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Figure 2.5: A sample DEMETER Langmuir sweep.
and plasma potentials (V f and V p) corresponding to this sweep are shown
in each ﬁgure on its upper left corner. This is exactly how they are shown
when plotted by ’demeter analyzeplot’ routine. At the title the orbit number
and the time of the sweep (ﬁrst point of it) in that orbit are shown. The slice
number tells that this sweep is 1698th sweep on this semi orbit.
The ion saturation region ﬁt can be seen in ﬁgure 2.6. The red lines mark
the start and the end of the selected region. The ﬁtted ion current (green)
then bounces back at the higher values because a absolute value is taken of
the current before the logarithm is taken and plotted and the same procedure
is also applied to the ﬁtted ion current.
The electron current (red) is achieved by subtracting the ﬁtted ion current
(green) from the total current (blue). Note that the resulting electron current
apparently oscillates wildly at low sweep voltages but take note that the y-axis
is logarithmically scaled thus showing only the small variations of the data on
the ion current region.
The transition region is approximated by a straight line as seen in ﬁgure
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Figure 2.6: Finding the ion saturation region by ﬁtting a straight line (green) for
the total current (blue).
2.8. The slope of this line is proportional to the electron temperature. Fitting
more real theoretical line to ﬁt both transition and electron saturation regions
has also been tested with encouraging results. Due to time constraints this
more reﬁned method wasn’t studied in any more detail under this study. Also
the electron saturation region is ﬁtted with a straight line although ﬁnding the
line ﬁt here is not as obvious as it is in the transition region and one can often
be confused in ﬁnding this ﬁt even with a plain eye (ﬁgure, 2.9). Fortunately
ﬁnding the plasma potential, ﬁgure 2.10, is not so sensitive to the electron
saturation curve slope as it is to the transition region slope (as this is a lot
more steeper here). The method for doing this is to ﬁnd the crossing point of
both the transition region and electron saturation region lines. This crossing
point is then taken as a fair approximation of the plasma potential. Also other
method for ﬁnding the
There exists also an other distinct method for ﬁnding the plasma potential
from Langmuir probe sweeps. In this method the plasma potential is thought
to be represented in agreeable accuracy by voltage where the derivate of the
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Figure 2.7: The electron current (red) is achieved by subtracting the ﬁtted ion
current (green) from the total current (blue).
sweep current reaches its maximum value. This voltage is in this program rep-
resented by the variable V p2 while the plasma potential found by the crossing
method shown if ﬁgure 2.10 is marked by V p.
Not all the sweeps produced by the DEMETER Langmuir probe instru-
ments are as ideal and smooth though. In ﬁgures 2.11 and 2.12 two of the
more chaotic Langmuir sweeps are shown together with the analysis done by
our analysis algorithms older version. The newest version does a slightly bet-
ter job in ﬁnding all of the areas but these kind of sweeps are still the main
reason for the noise in the analyzed plasma parameters. Many of the improve-
ments made in the code during this work considered these kinds of real data
irregularities.
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Figure 2.8: The transition region is approximated by a straight line. The slope
of this line is proportional to the electron temperature.
Figure 2.9: The electron saturation region is approximated by a straight line.
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Figure 2.10: One way of ﬁnding the plasma potential is to locate the crossing
point of the transition (turquoise) and electron saturation (purple)
region lines.
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Figure 2.11: An example of a chaotical sweep from which it is very hard to extract
any meaningful values for plasma parameters.
Figure 2.12: Another example of a chaotical sweep from which it is very hard to
extract any meaningful values for plasma parameters.
Chapter 3
Program description
The software introduced in this document was written in order to eﬀort-
lessly read, handle and analyze the DEMETER ISL data. In this document
the emphasis is on the introducing the software to any potential user rather
than going through the code in detail. The mission provided data struc-
ture and diﬀerent measurement modes are explained in the data speciﬁcation
paper [DLZ03b], in the data product description paper [DLP02] and in the
telemetry paper [DLZ03a].
The program package described in this work was developed and tested in
ESTEC between August 2004 and July 2005. It was written on Windows
Matlab R13 and might not work as expected on older or newer versions of
Matlab. Neither has it been tested on Unix or Linux environments and might
need some minor changes to properly work on those environments. In writing
the program several modules from previous development work were utilized
and build onto. Mainly the analysis method and data format readers were
adapted from [Stv04].
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3.1 User Instructions
3.2 Initializing the program
First thing to do after copying all the m-ﬁles and data ﬁles over is to change the
’polku’ (means path in ﬁnnish) variables in both FS4 run and FS4 run dircase
so that polku is the path to the .DAT ﬁles and polku orbit to the orbital ﬁles.
After this, if in windows machine and case select refuses to work (due to
Linux commands used in it), you need to comment it over and manually or by
other means make a cases.m ﬁle which consists of only a switch loop of all the
cases, like:
switch jk
case 1
filc = ’/demeter/data/DMT_N0_1144_ .. _063743.DAT’
fil1 = ’/demeter/data/DMT_N0_1143_ .. _063331.DAT’
...
end
Another way is to go and edit the cases in the FS4 run.m ﬁle but FS4 run dircase
should be preferred as it is the newer and more reﬁned of these two.
3.3 Analyzing data, Producing D-ﬁles:
Demeter save script, automatically run after Flight S4, saves the workspace
on a D-ﬁle in a directory called Doutput. If that directory doesn’t exist, it
creates that. This might be a source of problem, if the program doesn’t have
rights to make a new directory so you could make that directory manually:
mkdir Doutput
A single semi-orbit may be analyzed and plotted directly with the function
Flight S4. However, FS4 run and FS4 run dircase make the running a bit
easier and possible for larger amounts of data. Once a case is run through
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Figure 3.1: Example plot of ISL-1 mode.
Flight S4, the central workspace is saved. We call this saved .mat workspace
here a ’D-ﬁle’.
A typical output plot of Flight S4 is shown in ﬁgure 3.1.
NOTE ON DEBUGGING: when using FS4 run dircase, Flight S4 is run
inside a try loop so that even a big job left to process through a long time
wont stop for the ﬁrst ﬁle it cannot grasp. Therefore, if the program returns
without giving any error, try to run the Flight S4 directly as then you at least
see the error messages.
3.4 Reading D-ﬁles
3.4.1 Readd
function readD and script readD2 handle the reading and plotting of the D-
ﬁles (which are found in the folder Doutput). Because it is a function, the
readD leaves the workspace totally clean but also because of that the ’analyz-
ing’ functions only work for one time (the time they’re called from inside the
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readD). It is nevertheless a handy tool for reading and plotting of a certain
D-ﬁle. To run readD, you need to provide it with the orbit nro, suborbit nro,
for example readD(785,1). You may or may not also tell it whether you want
to analyze the picture (set analyze = 1, else 0) and if you want to see the
burst, survey or both parts catenated.
readD(orbit_nro, suborbit, analyze, burst_or_survey)
burst or survey should be: BURST 0, both 1, SURVEY 2 if burst or survey
is not given, the program will try out if it ﬁnds any ﬁles for that orbit in order:
both, burst, survey. To produce a big number of plots, you can write a simple
for loop around readD.
A D-ﬁle is a simple .mat ﬁle so it can also be loaded manually into Matlab
workspace with the load command.
3.4.2 Readd2
To really take a better look at a ﬁle, you might want to use the script readD2.
It loads the D-ﬁle for you to see on a workspace and makes two buttons on the
ﬁgure it creates. The buttons are labeled ’A’ as for analyze and ’2’ for ISL-2
analyze. Try pressing these to get to the analyze mode. Before changing the
mode, exit ﬁrst by pressing ’enter’ in the original ﬁgure. To run readD2 you
need to edit the ﬁrst four rows of it containing same variables submitted to
readD (and described above). You can also build a for loop around this, but
then you’ll have those buttons in every ﬁgure, which is not so nice if considering
printing but there are ways of telling Matlab not to print any buttons. So in
summary readD2 should be used in examining the data in more detail while
readD in printing it out in masses.
3.4.3 Orbital Parameter Plot and Global variable KUVA
There is (on line 254 at the moment) of Flight S4 a line for plotting the orbital
parameters on a separate plot. You may uncomment that line if you ﬁnd that
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Figure 3.2: Example of the ISL-2 plotting.
plot informative. I’ve now commented it to minimize the amount of plots
produced. Also for this same reason in Demeter plotscript we have:
if ~exist(’kuva’)
global kuva; kuva = figure;
end
clf
to set the ﬁgure handle as a global variable and to get all the successive plots
to print on the same ﬁgure thus saving the memory.
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Figure 3.3: Example of the ISL-2 Demeter analyzeplot isl2.
3.5 Demeter analyzeplot, analyzing single Lang-
muir sweeps
Also a single Langmuir sweep may be viewed from within ﬁgures like 3.2 or 3.1.
This may most conveniently be done with functions Demeter plotscript and
Demeter analyzeplot isl2 for ISL-1 and ISL-2 mode data respectively. Before
running either of these analysis tools the corresponding D-ﬁle needs to be
loaded on to the workspace either manually (one can see the D-ﬁle name
after every run) or with a Readd2 (see section 3.4.2). A typical output of a
Demeter analyzeplot isl2 is shown in ﬁgure 3.3.
Chapter 4
Suggestions for Further
Development
In smoothing the Langmuir sweep curves we now use smoothing functions from
previous work [Stv04]. Matlab however also has a great spline toolbox but this
wasn’t available for us during this work. Matlab’s toolbox was utilized in a
similar SMART-1 EPDP instrument sweep analysis and it worked really well
there resulting in a shorter, faster, clearer and more eﬃcient code. If the spline
toolbox ever comes available for the users of this DEMETER software, they
are strongly advised to incorporate those splines into the software. And as
the SPEDE software was done mainly modifying this software the backward
change should not be hard at all.
The procedure for ﬁnding ESR is cumbersome and could be greatly en-
hanced in speed. Some other methods, mainly ﬁnding the ESR straightfor-
wardly from the smoothed current were successfully tested but never really
implemented on the code because there seemed to be no need to touch the
already working code.
A more reﬁned user interface for a similar instrument was done for SPEDE
and EPDP instruments of SMART-1. That software was partly build over this
Demeter analysis software so it wouldn’t be too far fetched to go back there
to incorporate some of the more advanced features of that software on this
program. [Mer06]
Appendix A
Program M-ﬁles
The Demeter analysis program consists of these m-ﬁles (on alphabetical order
with brief descriptions).
Demeter_analyzeplot.m normal IV-analysis
after plotscript
Demeter_analyzeplot_isl2.m 8-probe -’’-
Demeter_plotscript.m plotting the D-file out
Demeter_save.m saving the workspace
into D-file
FS4_run.m function for running hand
fed cases
FS4_run_dircase.m script for running files
in a folder
Flight_S4.m reads .DAT files in
base256tofloat32.m converting for orb data
values
case_select.m script to form cases for
FS4_run_dirca
cases.m script created by
case_select.m
cat4344.m catenates FID 1443
and 1444 files
29
cat4344_isl2.m *NOT NEEDED catenation for ISL mode 2
cubsp.m cubic spline for ivan
fillholes.m fills holes in time line
fillholesVs.m holefilling for Vs
ivan2.m analysing the iv-curves
make_mark.m making the vector ’mark’
readD.m function to read in a
D.mat-file
readD2.m script of readD
readIVN0.m reading data
readVsN0.m reading data
also included
/DMT_N0_1124_000521_20040913_211500_20040913_213307.DAT
which should be found on the same palce as these m-files
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